Wake structures behind a cylindrical rotator with asymmetric protrusions were investigated through a laboratory experiment. Such a cylindrical rotator could prevent a flood disaster due to the accumulation of driftwood at bridges. In this study, a rotator composed of a cylinder with five quarter-cylindrical protrusions was placed in a unidirectional flow. The rotator could rotate freely under hydrodynamic forces. The results indicate that vortices shed from the rotator affected flow structures behind the rotator. The transverse distribution of the time-average longitudinal velocity of the flow with respect to the rotator was asymmetric about the longitudinal centerline. In the accelerating area with rotation of the rotator, five vortices were obviously shed from each quarter-cylindrical protrusion in each period. Where the flow and rotation were in opposite directions, vortices formation was disrupted. A longitudinal series of vortices merged downstream, ultimately becoming a single vortex. Therefore, the wake flow becomes asymmetric in an area behind the rotator where a significant torque acts.
Introduction
In recent years, the frequency of torrential rains resulting in slope failure, bank erosion, and other problems has been increasing. In particular, there are many cases where driftwood flowing in medium and small rivers builds up against bridges that span the river, damming the river because the span length of the bridge is too small in some cases. As a result, overflow occurs that inundates nearby houses, shore areas, and other places resulting in massive damage, even when the flow discharge does not exceed the design high-water discharge.
Research into driftwood and measures for dealing with it have therefore become a pressing issue [1] . However, although there are examples of research into the accumulation of driftwood at bridges and houses [2] [3] [4] [5] [6] [7] , there are few examples of investigation into specific measures for reducing the damage caused by driftwood [1] . A detachable parapet of a bridge was proposed as a countermeasure to reduce the accumulation of driftwood and refuse during flooding [8] .
Against this background, we previously proposed a method for preventing the buildup of driftwood and refuse at bridges by installing a rotating cylinder called the "rotator," which is an asymmetric structure set in front of the bridge piers, and a similar method for preventing the buildup of driftwood and refuse at bridges by wrapping the bridge piers in a rotating caterpillar fitted with an asymmetric structure [9] . These methods use the massive energy of the water flow during a flood to turn the flow direction of driftwood around a bridge pier by the rotator or the caterpillar and to promote the washing out of driftwood that would otherwise build up against the bridge pier. If there is no torque around a bridge pier without the rotator or the caterpillar, driftwood and refuse are likely to balance and accumulate there. n across the ch just behind e ncy spectra (F ess quantities n for the cylind bution for the u is larger in /D=±0.5). In t ientation of th < 0 region, sin aves both u * a which is 5 tim sions, the five ly depending round f r = 0.8 equency of th to be 0.97 Hz Hz, the rotat ver, the perio ata from the la whether this ki In Figs. 7, 9 , and 10, symbols are assigned to each of the 5 waves produced by the protrusions for convenience. Uppercase letters are assigned to the waves for <u> and lowercase letters are assigned to the waves for <v>. Then the uppercase and lowercase letters are associated such that, for example, wave A and wave a refer to the same wave, that is a vortex, generated by the same protrusion. If we look at wave B and wave b at x/D = 1.5 near the rotator in Fig. 9 , wave b takes a positive peak where the variation in wave B has a phase of zero (t/T 0.27) at y/D = 0.5, which is dominated by the amplitude of the variation. If we consider the general rotation direction of vortices separated from such a cylindrical structure, we can understand that vortices exist as shown by the solid lines in Fig. 9 .
Region where the rotation direction and main flow direction are the same (y > 0)
First, we describe points such as that it can be seen that the features corresponding to the same vortex are different at a glance, as can be seen in the vortices that are significantly flattened in <u> but are not quite so distorted in <v> in Figs. 9 and 10. For example, if we investigate at y/D = 0.5 and 1.0, where five cyclic variations dominate, flattened vortices occur in <u> as a result of the vortices being stretched out in the x direction because the mean flow velocity u at y/D = 1.0 far from the cylinder is faster than u at y/D = 0.5 (refer to Fig. 4) . Note that although the flattened vortices in Fig. 9 i) appear to be tilted counterclockwise, the actual flattened vortices are tilted clockwise. For <v>, mean velocity shear is small since the absolute value of mean velocity is small, as can also be seen from Fig. 4 , so the distortion of the vortices is small. The shape of the actual vortices is significantly flattened-as can be envisioned by considering the combination of Fig. 9 i) and ii)-and they are also deformed in the y direction, making the shape even further deformed at some point downstream, where the vortices become more like a crescent shape than a flattened ellipse.
We now discuss transformations accompanying downstream flow of the vortices by comparing Fig. 9 , where x/D = 1.5, with Fig. 10 , where x/D = 2.5. In Fig. 10 ii) , the positive peaks of waves a and d become smaller. Therefore, waves e and a and waves c and d continue to progressively form single vortices, as indicated by the dotted lines in the figure. Furthermore, it can also be seen from Fig. 10 i) that the negative peak disappears from wave A, and the positive regions of waves E and A progressively form a single region. It was thus inferred that merging of the vortices occurred.
In Fig. 11 i) at the downstream position x/D = 8.0, a single set of positive and negative regions exists in <u>, for example, at the period of one rotation that can be seen at y/D = 1.0. This also forms the same single set of variations in <v> in Fig. 11 ii) . As a result, at a position somewhat downstream, at x/D = 8.0, a single wave corresponding to the period of one rotation was formed as a result of repeated merging of vortices. That is possibly the disappearance of weak vortices.
Region where the rotation direction and main flow direction are different (y < 0)
In the region of y < 0, where the rotation opposes the main flow, five clear waves organizing vortices were not observed even in Fig. 9 near the rotator, and the amplitudes of the waves were smaller than in the y > 0 region. In other words, the vortices that occur in the region of y < 0 are weaker than the vortices in the region of y > 0. It is inferred that either merging has already begun upstream of x/D = 1.5 or clear vortices do not necessarily occur from all five the protrusions, and there may be cases where the passage of a protrusion is accompanied by only a weak perturbation not a vortex.
In the region of y < 0 slightly downstream in Fig. 10 , both <u> and <v> have almost precisely a single variation in the period of one rotation. In other words, in the region of y < 0, the effect of the protrusions disappears even faster than it does in the y > 0 region. Fig. 13 , the nal measurem istics of the w ally, Fig. 14 
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